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An acute LD50 is a statistically derived amount of a substance that can be expected to cause death in 50%
of the animals when given by a speciﬁed route as a single dose and the animals observed for a speciﬁed
time period. Although conducting routine acute toxicity testing in rodents has been criticized, it can
serve useful functions and also have practical implications. Material safety data sheets (MSDS) will reﬂect
the acute toxicity of a substance and may require workers to wear protective gear, if appropriate, based
on the LD50.
There is no information in the scientiﬁc published literature which calculates a mean LD50 and
standard deviation for caffeine administered orally to rats, using studies performed under good labo-
ratory practice (GLP) or equivalent. This report does that and should be useful to manufacturers, pack-
agers, transporters and regulators of this material.
Using data from studies that are reproducible and reliable, the most accurate estimate of the acute
LD50 of caffeine administered orally in male albino rats is hereby reported to be 367/mg/kg.
© 2016 The Author. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Although safety and efﬁcacy of any medicine, food component,
food additive, dietary supplement, chemical, or substance are
important, safety is of paramount importance. But, as Philippus
Aureolus Theophrastus Bombastus von Hohenheim, known as
Paracelsus and often referred to as the father of toxicology, stated,
“Poison is in everything and nothing is without poison. The dosage
makes it a poison or a remedy.” Today, one would say everything is
toxic at some dose level.
The toxicity of a substance, prior to use in humans, can be
determined by use of in vitro tests, in silico studies and studies in
animals, especially in rodents and also in other species.
The acute lethal dose 50 (LD50) toxicity test is performed in
rodents as part of the safety assessment of many substances. The
LD50 is a statistically derived amount of a substance that can be
expected to cause death in 50% of the animals when given by a
speciﬁed route as a single dose and the animals observed for a
speciﬁed period of time (Chan and Hayes, 1989). Although con-
ducting routine acute toxicity testing has been criticized, it can
serve useful functions. Differences in the LD50 in different species
might yield clues to differences in absorption, metabolism and
mechanism of toxicity of a substance. The LD50 in a given species isantown, MD 20874, United
Inc. This is an open access article unot constant due to differences in factors (Boyd, 1968; Branton,
1993; Peters, 1967) such as fasted or nonfasted state, type of diet/
nutritional state, route and rate of administration, the nature of the
vehicle in which the substance was dissolved, the volume of the
vehicle in which the substance was dissolved, the age, sex, weight
and strain of the animals, the purity of the substance, the number of
animals used, the nature and cause of death and the length of time
the animals are observed. Thus, the LD50 usually spans a range of
values and the most accurate and reproducible value depends on
deﬁning the factors in the study, the statistical method used and
conducting and reporting the study so that the circumstances in
which the study was conducted can be replicated.
The LD50 of a substance also has practical implications. Material
safety data sheets (MSDS) will reﬂect the acute toxicity of a sub-
stance and require workers to wear protective gear, based on the
LD50. OSHA's acute toxicity hazard categories have strict cutoffs (5,
50, 300, and 2000/mg/kg) which means the difference in the
calculated LD50 can greatly affect protection required. (U.S.
Department of Labor Occupational Safety and Health
Administration Regulations part 1910.) Likewise, the acute LD50 of
a substance also affects labeling and packaging of substances in
transport. For example, in the United Nations (UN) recommenda-
tions on the Transport of Dangerous Goods, the criteria for
assignment of a packing group to a Class 6.1 substance are based on
LD50 values of 300 mg/kg or less (United Nations, 2011; Unitednder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
The acute oral LD50 of caffeine in albino rats.
Strain and number of rats Sex Brief description of study Calculated
method
GLP or
equivalent
Quality Useful in
Labeling
Reference LD50 mg/kg
F344
6/sex/group
M/
F
Equivalent to OECD Guideline 401
conducted by FDA/NCTR for NTP.
Rats
fasted 18 hours, observed for 14
days
SAS probit Equivalent
to GLP
1 Yes NTP (1982a) 400 best estimate
F344
6/sex/group
M/
F
Equivalent to OECD Guideline 401
Conducted by FDA/NCTR for NTP.
Rats
fasted 18 hours, observed for 14
days
SAS probit Equivalent
to GLP
1 Yes NTP (1982b) 300 (M)
420 (F)
estimate
Charles River (Cri-CD) Comparable to EPA guidelines but
fasted
for 24 hours instead of 16 hours.
Caffeine suspended in corn oil
Probit analysis No 3 No Dashiell and
Kennedy 1984
279 (M) fasted 483 (M)
not fasted
Wistar 5/sex/group M/
F
Standard of acute toxicity method
(“BASF”)
similar to OECD Guideline 401.
Rats observed for 14 days.
SAS probit Equivalent
to GLP
1 Yes BASF, 1985 383 (M) 281-383 (F)
Sprague-Dawley M/
F
Rats fasted for 16 hours prior to
caffeine dosage observed for 15
days
Cornﬁeld and
Mantet
Unknown 2 Yes Palm et al., 1978 355 (M)
247 (F)
Sprague-Dawley 40 rats 10/
group
M Fasted 18e20 hours
Observed 15 days
SAS Probit Unknown 2 Yes Bruce, 1987 349 (M)
Sprague-Dawley 1 rat/dose
level 9 rats
M Up and down method vs. classical
method
SAS Probit Unknown 2 Yes Bruce, 1987 412 (M)
Albino rats 9/dose M/
F
The median lethal dose was
determined
in starved albino rats
Method of Bliss No 4 No Scott and Chen
1944
233 ± 14
Albino rats F 8 rats/dose 3e6 months age Not given No 4 No Boyd, 1959 192 ± 18
Young Wister rats 6-10/
group
M Fasted for 16 hours LD50 of both
non-anaesthetized and
anaesthetized rats
Not given No 4 No Boyd et al. 1968 300 anesth. 288 ± 6 Non-
anesth.
Sprague-Dawley or Wistar 3
rats/group
M/
F
West German validation study of
acute-toxic- class as alternative to
conventional LD50. Doses of 25,
200 and 2000 mg/kg not stated if
fasted
Not given No 4 No Schlede et al. 1992 200e2000
Sprague-Dawley 10/group M Fasted, administered in gum
Arabic by gavage
Not given No 4 No Hasegawa et al.
1989
700
Table after Young and Watts (2015) Acute oral LD50 values of caffeine in rats, June 2015.
The criteria from Klimisch et al. (1997) as used by Young and Watts (2015) was 1 (reliable without restrictions; e.g. guideline studies); 2 (reliable with restrictions; e.g. well-
documented publications); 3 (not reliable; e.g. methodological deﬁciencies); 4 (not assignable; e.g. not sufﬁcient experimental details, secondary literature only).
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The accuracy of the LD50 of caffeine reported by the UN is
questionable. The current assumption is that it is below 300 mg/kg,
but a full evaluation of all the available data does not seem to have
been performed. The United Nations report lists caffeine in Group
6.1 and this has been adopted in U.S. Code of Federal Regulations as
a liquid or solid with an LD50 for acute oral toxicity of not more
than 300 mg/kg (United Nations, 2010; U.S.49 Code of Federal
Registerx173.132 Class 6, Division 6.1). An inaccurate classiﬁcation
of caffeine puts an unnecessary burden on the pharmaceutical, food
and beverage industries from an operational standpoint. The LD50
value used for assignment of a classiﬁcation must take into
consideration the factors and corresponding reporting in various
studies determining the LD50 and be based on the best performed
and reported studies, especially if conducted under GLP or GLP
equivalent standards rather than on a speciﬁc study or a summary
and/or average of all the literature values.
The author reviewed 15 reports, three are unpublished reviews
(Branton, 1993; Cohen et al., 2006; Young and Watts, 2015) and
eleven are original reports in the published scientiﬁc literature
(BASF,1985; Bruce, 1987; Boyd, 1959; Boyd et al., 1968; Dashiell and
Kennedy, 1984; NTP,1982a; NTP 1982b; Hasegawa et al., 1989; Palm
et al., 1978; Schlede et al., 1992; and Scott and Chen, 1944) and a
United Nations Environmental Programme (UNEP) publication oncaffeine (OECD, 2002). Some experimental studies on caffeine's
acute toxicity were performed prior to today's standards for per-
forming and reporting studies for regulatory purposes.
The three review articles, not published, summarized the liter-
ature on the LD50 of caffeine up to 1993, 2006 and 2015 (Branton,
1993; Cohen et al., 2006; Young and Watts, 2015). No experi-
mental studies have been published in the literature since 1992
(Schlede et al., 1992). The review by Branton (1993) concluded that
“based on the weight of evidence we conclude that the oral LD50 of
caffeine in rats lies in the range of 200e400 mg/k of body weight.”
The report by Cohen et al. (2006) stated that “the weight of evi-
dence from the various studies supports the conclusion that the
acute oral LD50 for male rats is greater than 300 mg/kg. The limited
useful information available and the lack of conﬁrmatory studies
performed under the same study conditions make it impossible to
draw a ﬁrm conclusion for the female rat LD50.” Young and Watts
(2015) report in their summary stated that “several reported rat
acute oral LD50 values have been identiﬁed and these ranged from
50 to 1050 mg/kg bw. Most of the identiﬁed oral LD50 values are
between 200 and 420 mg/kg bw, and this range includes the
evidently highest quality and most reliable studies (Klimisch 1 and
2)”. None of the three reviews using the best reported data calcu-
lated a mean LD50 and standard deviation for caffeine administered
orally to rats. This information is needed by regulatory agencies to
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safety.
Published studies reviewed are referenced above and OECD
(published by UNEP) also did a literature summary on animal data,
the human health effects, exposure and environmental effects of
caffeine (OECD, 2002). This 375 page report did not report any
calculations on the LD50 of oral caffeine in rats but just reported the
LD50 values (range) from the NTP 1982b study and the BASF 1985
study. Table 1 summarizes the studies on the acute LD50 of orally
administered caffeine in albino rats. Young and Watts (2015)
assessed the reliability of each of these studies using the Klimisch
criteria (Klimisch et al., 1997). The current author also provided an
independent assessment based on the Klimisch criteria, similar to
that of Young andWatts, that also yielded studies for packing group
labeling for transportation purposes (GLP or equivalent).
The six studies with a Klimisch criteria (Quality) of 1 or 2 that
were also judged to be useful for labeling for transportation pur-
poses and could be reproduced from their publication are brieﬂy
summarized in Table 1. These six studies stated the strain of rat
used, the sex of animal used, the vehicles used for caffeine
administration, the fasting time of the animal (no more than 18
hours), the time of observation period, and the statistical method
used for LD50 calculation e data that allowed for replication of the
study. The six studies (BASF, 1985; Bruce, 1987; NTP, 1982a, 1982b;
Palm et al., 1978) also provided a LD50 value for male rats. The
values of these six reports, a calculated mean of the six and a
standard deviation are: 400, 300, 383, 355, 349, 412 mg/kg;
mean ± SD ¼ 367 ± 37 mg/kg. Limited useful information is
available for the female rat LD50. The value is from only four studies
potentially useful for labeling (BASF,1985; NTP, 1982a; NTP, 1982b;
Palm et al., 1978)-two of which are best estimates- (NTP, 1982a;
NTP, 1982b). These do not allow for any ﬁrm conclusion to be
made for female rats but an estimate (average) from these four
studies would be greater than 300 mg/kg.
Thus, using data from studies that are reproducible and reliable,
the most accurate estimate of the acute LD50 of caffeine adminis-
tered orally in male albino rats is 367/mg/kg.
1. Summary
The LD50 of a compound in a given species provides useful
pharmacologic and toxicologic information and practical informa-
tion relative to worker protection and labeling classiﬁcation for
transportation. However, the LD50 information should be based on
the best conducted and reported studies, especially those per-
formed under GLP or equivalent conditions. Thus, the LD50 data for
caffeine used by the United Nations should be reviewed, and amore
accurate LD50 used, based on the best performed and reported
studies. A review of the studies performed on the LD50 of caffeine
supports that the value from the studies of NTP (1992a; 1992b),
BASF (1985), Bruce (1987) and Palm et al. (1978) are of appropriate
quality (Klimisch scores of either “1“ or “2”) and also judged useful
for transportation classiﬁcation labeling purposes. The most accu-
rate estimate of the acute LD50 in rats is 367 mg/kg. Other studiesare of lesser quality and are therefore not pertinent, and should not
be the basis for labeling.
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